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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing 
method of light-emitting element capable of efficiently 
cutting with high precision a wafer comprising a III-V 
compound semiconductor layer, as well as a light-emitting 
diode, and a semiconductor laser element 
SOLUTION: A wafer 2 has an n-iype semiconductor layer 
1 7a and a p-type semiconductor layer 1 7b made fi-om III-V 
compound semiconductor laminated on the surface 3 of a 
substrate 1. A laser beam L is radiated with a converging 
point P set inside the substrate 1 for forming a modification 
region 7 by multiphoton absorption. A cutting start region is 
formed inside a laser beam incident surface of the substrate 
1, at a prescribed distance from the incident surface, along a 
planned cutting line 5 for cutting the wafer into chips, with 
the modification region 7, and the wafer 2 is cut along the 
cutting start region. 
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IC, '>x/N2;&^-y:^«lJ:^fiitLfc^©S2 5©)£ffi± 
icngifi^f*:]! 1 7 a fcH^fi^fcg^l^^nSTO^iglt 

SLl-'o ft^f*:^, m©3:gfJ:fet,''TS2 50)£ffl%U 

[0 0 5 8] %:j3rX'ygf-y^':^SfC«^x-y hx-y^ 
yi^'RO'K^^X-y^V^-^^^STb^ S2 5^}g^-rS 

jt)^2BS« S^c. F^-Yx-yg^^/^^-itLTliM^tfSlStt 
-r:t:/X-y^>d? (R I E) . RjStt'f :tve-AX-y 

(R I B) . -I'^tysyv^^A^^So Sfes » 

2 5^Jg^-rSlik:li. Xy^vefe(^tCfemtf>^U 



[0 0 5 9] i^(,^T. •?x/N2 0afi?l©|^gPlC. »2 
5t}&^T«J»ig^ffl«^Jg^-rS (S5. 02 2) o 

m#mi 7a^:n-LTS«i©rtgi5o*5ie^p'M^— *f 
ytL^^m^t^ctici:^. s«i<Drta5ic?fcK^«7 

^Jgfigf-So C©^MIg^7*^ 'J7x/N2*«j»fr5|^ 

[0 0 6 0] 01 914. 01 4t^^tlfcb- 

10 -f ini«g 1 0 0 ^fflV^T^7x/N2 t^if^^^^J^ 

Jg,^tc*3t,^T. '>x/N2a. tfini^Ml 0 0©« 
1 0 7 2 © pM^fi^ftii 1 7 bfiJcDffiTb^ 

m^muyxi 0 5 tji^iRj-rsjc-ptgag^nSo -r* 

t>^. ly-V'^Lli. ■>x/N2C0pM*»»Ml 7 bfflll 

[0 0 6 1] 01 4Rcf0i 9;&#M-rst. t-r. a 

S 1 RXfnm^mm l 7 aO«lRi|#tt^0^L:S:t,> 
20 T. as 1 Rtf nS^JiSSI^*:* 1 7 a f<:?^LT^*?6S 
Ml 0 1 ^MS-rS CS 1 0 1) c %^3. CCDWIfJt 

Ltt'>x>'N2©p^^»#jii 7 bWA^e-Mif^nsd 

[006 2] ^v^T. g« 1 m^n'm^mwm 17 ilcd 
:f3\^(o^mm^mmt^ (s 1 0 3) „ cnt±. ?»2 5 

)Kj^P^-&t)'^Sfci6lc. S2 5©|£a{cfeB'r?.U- 
lf Jfe L <D*jfe^ P ^aipi: Lfc'^x/N 2 o zm:^fPim 

So 

[0 0 6 3] •>x/N2*U-ifi6nXS«l 0 0<Dtt«# 
1 0 7fc'>xM2©*S4!b^m)tffll'>Xl 0 5«i:M 

iRi-rs<fc5^-rso ^LT. mkmm^i nt-^^n 
«)fc*^^?-a-T'>x/N2©sffi4*figwrs (s 1 0 

5) . MB9Snfc>>x/N2fC:fei5-5?i2 5©)£a^a® 

40 1 2 nc j; ^mmt^o mmm=? 1 2 1 ^ j; 
$nfcS^T^-^faa^x-:jf®agi5i 2 5ic3^e.ti 
So c©»7=^-^{^:a^(,^Taf7^-^^^!Lagi5l 25 

ii. t^i^ti l l 7^©%«)K©^*«'>x/N20^^^^ 
5<Dj£EtcfiEB-rSA5*«jjSx-:5f:£8l»1-S (S 1 
0 7) „ 

[0 0 6 4] il©^j^x-^«X-r-i^»a51 1 5fc 

3Me.nSo xx-s^*«ij»a5i 1 St*, co^^x-^jf;^ 

atLTZlfiXx-S^^l 1 3*Z$lii:^[Rl®^l!l^-&5 
(S 1 0 9) o 2infc*f)s «^ffl)l£5lgl 1 lOaim^ 
so ©^.^*^>i7x^N2©S2 5©|£fflk:«iWrS. » 
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^T'-mm^l 2 SliWtx-^tS^V^T. »2 5 
1 2 9tSi?.ns cmc^^'B^.^ 1 2 9{C»2 5#3S 

[0 0 6 5] ^i^mm^^i 2 7 tc»^J6Xx-yys 1 0 
KlSx-:5f*^Xx-i?»gi51 1 5tcSISti5o Xx- 
Jfe L (Om^M. P 1 OrtgPT*^ ^ TS 2 5 © 

3fcj;t)'>x>'N2%Ztt:^[&lfc:^»|^ii-:S (S 1 1 

1) o 

[0 0 6 6] ^V^T. tfT^gl 0 1 jb^P,b— tf«L 
%^^?-&T. tf)feL?:>!7xyN2©)»2 5©)Scifc 
So b-^f ?¥; L (DM^M P 1 ©ftSPfc'fiig 

»V^iSHtAI>fLT. S2 5©g^^[Rlt32M1-573lRl 

[0067])KV^T. mzSlcmo^^lCXiitT.y'-i^ 

1 0 9'f'YttX-r-5;'l 1 1 ^mS'^X. ?«2 5t?& 
9j:5fc*«ffilg27*^}gfiR-r5!!p, SSVHigZS 

1 ©rtsptjij^fig-ra (s 1 1 3) „ 
[00 68] c<iT\ mrsmi s^^mt&t. '^x/n 

2 iDSffi 1 icmwrn^mm^mi^ htz.<D^. mm^m 
m<t.f^-:>x^ :^f^z^m.<D'}-y-/\t.mm^ (s 7. . 

1^2 3) „ -r^fefc-e. x:^^X/-^VFx-y2 S^-^x/N 
2<OM2 1 i:W*^lRlfc#«*-r<itfcJ;ti. S^l 

1 j: D '£.?E»K»t,^©T\ S« 1 i:!^ 
Itfc, »2 5 (Om^hWR 1 fc©Slca5S nMifi^M 
1 7 a3!)««J»fStia„ C©J;5fcbT'>x/N2*^^!JBf^ 

«■ 1 7 ^mspm^m^m 1 7 b top^icp 

^:t-F3 1 \zn-oX\,^^mz 5©j£ffiU:l4. ig^t^S 

[0 0 6 9] K±iiB^Lfcj;^fc. ^mmimK^^^ 

imi'<DWtl5mmmt^'-(:^- FTHS:. •> x/n 2 © 
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^ LT. B« 1 A^Wi^g^-f y 5 fcfp^oT^if^tiS 

[0 0 7 0] Sfc. ■i'x/N^&^ifrsiSterrwK^f^ 

^/^/^"So^»:&fflt,^5^^. Wt'©'>x>'N;&?;fc?^-rs 

»3i^Sfc<j:titt\ '>x^N2©P?©5&H^«g^ffi 
« t J: !3 ^Kf-r S ©T% j; a ^gfe^IS^it^M^ 

5o 

[007 1] ^fc. *slffi?g.tit^i5ie)t«?©»ii:^ 

7 b{C)i2 5^J^^-rS<:i:*'Sf$Lt\ 
20 S!ig:^^^:J;tl(f^ 'i7x/\2^^»fLTJg^?n5^ 
^^'^a— K 3 1 © nS^ig^ji 1 7 a tmffi^SltSS 

^t. c©»ffi*igtj-s-tJ&©x'<-x:&^^tejgfij4-r 

SCt*^t?#«o »2 5*JgfieL:&t,-'#&k:tt. 
1 7 a IClin^T pffl^fi^i*:^ 1 7 b felHl^JC^^f 

[0 0 7 2] *«SSmit^lSfg3fe^?©ia}t;? 

2 ±t^^snfc^®fi^«^i' V 5 tgis-r 5 c 

t 5 1 1 1 tc. )te L ;gr?t 2 5 ©ftBJiia&t) 

[0 0 7 3] sfc. ^%-mm,m^mm'?'<D^y5 

S2 5©fiffilcfettSl^if)feL©f(S9,*ISJ<-Ci: 
40 [0 0 7 4] *ilfiSjfffifc«s5ijfe*?©gji:^ 

JSfcfeV^Ttt^ *Mffi«7^Jg^-r5Kt, ?i2 5©ft 

#*lRli:Slt'rs;^[R]©gScK^^7©1iI%. ?»2 5©S 
K:^riRi©i®j;t3fc5R<jg^LTv^s„ ^©Sii^tj; 
ntf ^ b-if L 2 5 ©ifs* i9 feRt^^Ht Al^f-r 
SCtT3iKffi«7^Jg^-eSS©T\ »2 5©jiH© 

l»±-t?^So 

[0 0 7 5] a« 1 ©KB 2 1 «b-1f}tA«a 



WMZ 00 3-338468 



^.^ »«zi ®«ffi2 1 <D{5 9*^¥ffl*^omffitjg^L^ 

■Tf^^A^^So 2:oj;d*«^lc, Sffii®aB2 1 

■rsii^a. xc^^xA^'Ff— ^2 3%<j;x7N2©«ffi . 

[0 0 7 6] 02 414. **ffimeK<J;SI^)t}|?©S! 
P'S 1 1 1 aL/s^ZWSti\C^m) tXT^-yysi 

:^|Slfj:3(K^i^7{c<}:^^^^>y^';&^S$-a:ti{J. ^i-gp 

So 

[0 0 7 8] 02 5S:?>'02 6tt. **SSfgfillC 30 

[0 0 7 9] 02 5^#M-rai:s 2^}gMfi:mt,>e.ti 

©«M3±t««*!h.fc^ 1 ^MfflifMSflcJlTfeS nffl 
3 3 a , n S^^^B 3 3a ifcagStlfc 

ffitt«3 3 b ?gtt^3 3 h^icmm^ntcmzmm 

*^JBMlCfeV^T. n 3 3a. jSffill 33 40 

b. RUpm^mWm3 3 cli. m{fGaN&H©II 

CO 0 8 0] ^^mmic^^mmfo^smx'ii. 

ff. «>x/\2 a©«S2 1 U:x=t^x/'?;yH-r-:^2 3 

%ISS» ^LT. •>x/N2 aOpS^ft^a 3 cffill© 
^'TVS (01 6#M) fc?&t5T. }gffil3 3b*ji^SiJ so 



LTSffilfcSL^V^ggS. ■r%:b-epSi|i»#:«3 3 
cis^^nm^m^ms 3 a©»ffST'®^${i:*5J:-5 

SttMS 3 b£«JgS3 StfJg^SnSo «IBE3 5 
a. ?gttM 3 3b ^»A.T' 2 MJ^^^ n. J: O 2 Mas 

[008 1] '^V^T. !S2 5©jSffi^b— IfJtAWt 

hxmim^<Dm^MPic\y-^^^L:^mM-r^c 

J^^-rSo -^LT. 02 6fc^^tl5<fc'5t. x^X/^ 
;/Kx-:/23;g:#{f-riltfcj;fPs •>x^N2a*«K 

mjmm\cm-:>xi-yymcm«iu ^i^u-^m^ 

3 7 *f#S„ 

CO 0 8 2] *SJgMfi:J:tJff5naijySf*:U-1f«? 
3 7 fc:fet,->Tl±, -^x/N 2 a ©SK 1 ©l^gPt^JlKFeR 

»ftjl3 3 afe^agf-^S^^VSfcS-DT^gfSnSo 
LfcA^oT. ni-VMfc-&tl*^&*5n^4i^#Ji3 
3 a*#-r5'>x/N2*^«li]*A>oa*j;<^»fSnT 

jgfig^nfc^f*b-if«?3 7^s#^-rsci:A^T'€ 

[0 0 8 3] s/c. ^^mmitix^n^ti^^i^iy^ 
^m^ 3 7 tfev-Tt*. ffitt/i 3 3b ^^^sij-r 5 i: t 

{C»«l fcML:feV^S50»2 5*^'>x/N2 atjg^^ 
fc U-1f ^0;fe46<D«i 3 5 imfm 3 3 b IC 

1 fs^m^mmm^x'm^^^Wic^ rvwm^ 

« 3 3 a lcAnXT?£ttii 3 3b mSpWrnW^ 3 3 c 
[0 0 8 4] *fgH^<0|im^&CfSJ^MtOt,^ 

[0 0 8 5] m.9m^mmwim\x\u wmyvm 

ffS i C. Si. ZnO. A 1 N. i&t/G a A s ^;if § 

tfnM¥»*M®#SfcbTGaN*SV^TV^57b\ C 
nfimiCfe. «»J^{f G aAlAs. GaAlAsP. G 
aA 1 I nP*H<DIII-VMb-^=&MV^SJ:i:*<-e 

CO 0 8 6] Sfc. III-Vi6^-&tf©**^T't,m{f 
1 nxA lyGai-x-Y N (XSO. Y>0. X + Y^ 
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1 ) T-a^ <fc d ^Mktf^i 1 1 - vmih^ ( g a 

StfMttl^III- Vi^6fb^t±. G a A s ftHlcJt-^ 
•rv\ «foT. •9-7?'-r7S®±tg{t«|gIII-VS6 

lis :mm\^ <t s^?fe^©i5fi*s%3iffl'r s c t tc ■ 

[0 0 8 7] Sfc. ±fH«mtmt>*SlffiWtfclt52fc 
Mffi^ 7 Jg^iXtu t . < :S; S j; 5 «B^5f^ L 

TfeJ;l,\ 02 7 (a) ~ (c) a. ±tELfc*Simi 

-M^^-r^T-SSo ^-fs 02 7 (a) ts^^nsd; 
dfcs '>x^N2 0pM^®ftlll 7 bMOffilCT— ^2 20 
4^3i5S, ^LT. 02 7 (b) tC^^n2<j;dtt. « 

02 7 (b) l±*llli:l4±Ta»©0t%oTI/^5„ MVv 
T. 02 7 (c) t^^ih.SJ;aU:. •r-:/2 4*I^S 
U WSLl OKffi2 1 {cx:^^X/^vK-r-7'2 S^ftS 
S. 

[0 0 8 8] ««*'jtts«i^v^«#fca. Sffi*«j»fr 

So 

[0 0 8 9] Sfc, ±fajlSSjemt>'«g£MT-a. 

2 nS-e^o T t, J; t,\ 

[0 0 9 0] Sfe. ±fBSIfiS?g-«t?a. tJ^r^jS^^*^ 

iF^fi!c$^ft'i'x/N^^»f-r5fc:«)fc. x4^X/^^/Kt— 
y^fflV^Tl/^5„ •®®f^ffiig?*^}g^^nft'i'x/N:&« 

[00 9 1] 
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«?OH3i?3as |g3t^V;t-Fs 

.■Sffi^tcfSo TJ:fc«65/jN?^;±lT-f Jo TWifr 5 C t 

s**-r s '>x^\*iafflS*->oj?&^<fc < «Kf s <i t *^ 

[0ffi©ffi#%SiB^] 

[0 1 ] b— tfiniff'oaK 1 <D¥[S0-r?S5„ 
[0 2] m nc^t&mmi-imi^r^-ofcwmmx^ 

[0 3 ] ^-1f■iox^t®affi©¥®0T-$, So 

[04] 03{C^'r»«(DIV-IVS}C?&ofcEWS0t?2& 

[0 5 ] 0 3 icmtm^(ov-micm^tcmsMx$> 

So 

[06] ^K$tlft«ffi©¥ffi0T'fe5. 

[0 8 ] :mBmmxm\^^^ b-if iini^©^ i 

fcfett5»ffi®Bfffi0T'$So 

[09] *SISi0g^T-fflv^su-'fini^©m2XS 

fcfettS»ffi©»fffl0T'^5o 
[010] ^^SSmiT-JH^^Sb-^ifDI^acD^SX 

[011] *ll*S5gfi|-r-ffli/^5L— ■9-'ADX:?afifc©||4X 
g}c^o{t5aS©STO0Tj55„ 

[012] ^m^mxm^^ u~^tax.-;^mic^t:)m 

b/c0Ta&S„ 

[013] *«ffim=-efflt/^5b-ifApx:&S5cfeits 

[01 4] »ftax«s©ips«^0Ta&s„ 
[015] ^fi8i}g®ti:^s^5K^oi!ii:^t;fe(,. 

TfflV^5tl5'>x/N*^-rff«0T'$5o 
[01 6] 01 5Km-^!lXk^x.^\<DWmmX^^o 
[017] 01 6fc^^^afc:'i'x/N©VI-VI®fSSmi 

[018] *«BSmit'liS^)fe^?(DSjg73S>&m0^ 

[01 9] 01 4fc^N$tlfcb-ifiDXg«^ffl(,^T'^ 
x/Nlc^ife,iiffi«;&}g^^5;^ffi;&3^^7D-9^-v- 

[02 0] ^ig?©m^s^mw-rsfeii)©'>x^N ' 
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[02 2] ^J^^ClBg^^^rSiBJ-rS/fcJ&OxM 

[025] *Sim^fc<k S^^?(Ol©S?^©g'J© 10 
[02 6] *^SEJ^,^fcj;S^)K^?(DS5i^S®SiJ© 

[02 7] >>x/N©a«©«ffi^w«-r5;^©-e!i^ 

[^^^oKW] 

2. 2a-«>x/V 3. 4-«M> 5-^»f 



^yi^W^L 1 i-5";3>'<i7x/\ 1 3-^M^ffi 
l-7a-naip^f*g. 1 7b-pS^|5^l^g. 1. 
9-;i-yxVx-i'3>7^'y ^^ 2 1 •••«®. 2 3 " 

x:^^X>'^>Kx-y. 2 4-x-y. 2 5 -S. 3 1-- 
%)fe^V:i--h\ 3 3 a-nS^f*iis 3 3b-gtt 
Jl, 3 3 c-pS^i^ftiis 3 5-^tm 3 7-^|i^ 
ftl^— r*?. 1 0 1 0 1 -l^- 

^yem. i o 2-ix— (f)tMa». i o s-i^^^ti 

'f-yi'S^-. 1 0 5-m3tffllxi/X. 107-«W 

1 0 1 1 1 -YlfiXT^-i?. 1 

1 3-ZttXx-v*. 1 1 5 -XT— i>"»g|5^ 1 1 7 
1 1 9-H-i^xyu>y^?. 12 1-a 

1 z3-m»]yyx. izs-mmf—^'mm 

^ 127-±mmm. 12 9-^^^f. L-l^— If 
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